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CharacterizationThis study constitutes the ﬁrst characterization of Brazilian sparkling wines in terms of their aromatic com-
pounds. Thewineswere produced by a traditional methodwith ﬁve classical varieties recognized for the produc-
tion of sparkling wines (Pinot Noir, Pinot Gris, Chardonnay, Sauvignon Blanc and Riesling Renano) and ﬁve
innovative varieties (Moscato Embrapa, Niagara, Villenave, Goethe and Manzoni Bianco) widely used in Brazil
for the production of wine. The objective of this study was to characterize the sparkling wines in relation to
their chemical composition and volatile compounds content. Of thephenolic compounds determined, the highest
concentration was observed for tyrosol. In relation to volatile compounds, twenty-ﬁve compounds were deter-
mined. Isoamyl acetate was detected in high concentrations in all of the sparkling wines, particularly Moscato
Embrapa (610.7 μg × L−1) (odor activity value OAV = 20.4), and the ethyl octanoate concentration was high in
Villenave (976.6 μg × L−1) (OAV= 195.0). High concentrations ofmonoterpenes, such as linalool, were observed
in the Riesling Renano (209.1 μg × L−1) (OAV= 8.4) and geraniol inMoscato Embrapa (128.6 μg × L−1) (OAV=
18.6) wines. Principal component analysis and cluster analysis were carried out using the data obtained for the
volatile compounds in the sparkling wines and the separation of two groups was observed, in which the innova-
tive varieties Moscato Embrapa, Niagara and Villenave were clearly separated from the other sparkling wines.
These results indicate that the innovative varieties in Brazil can present particular and differentiated characteris-
tics related to the volatile composition, offering an alternative for the production of sparkling wines in Brazil.
© 2014 Elsevier Ltd. All rights reserved.1. Introduction
Brazilian viticulture is notable for the production of Vitis labrusca
(V. labrusca) and hybrid grapes. The wines produced with these grape
varieties have typical aromas and ﬂavors which are in high demand by
an important quota of Brazilian wine consumers. In contrast to tradi-
tional thinking, with regard to sparkling wines produced with these
grapes, the search for differentiated products linked to regional identity
has been proved to be an excellent national and international trade
strategy. Notable innovative white grape varieties grown in Brazil in-
clude Moscato Embrapa, Villenave, Niagara, Goethe and Manzoni
Bianco.
Moscato Embrapa is a variety with a Muscat-type ﬂavor suitable for
the production of aromatic tablewines. The Villenave varietywas devel-
oped in Bordeaux (INRA selection 9216) and is a Walsh Riesling cross.
Thewine produced from this grape has a beautiful clear yellow color, in-
tense ﬂoral aroma, good balance of acidity and structure, and great po-
tential for the development of aromatic white wines and sparkling55 48 3331 9943.
ignonLuiz).wines (Schuck, Rosier, Doazan, & Ducroquet, 1999). The Niagara variety
is a V. labrusca and is thewhite grapewith the largest cultivation area in
Santa Catarina State. It is very rustic and the wine has an aroma and
taste very characteristic of the variety, which is widely accepted by
the consumer (Maia & Camargo, 2005). Goethe is a hybrid variety
(87.5% of genes from Vitis vinifera (V. vinifera) varieties and 12.5%
from V. labrusca varieties) exclusively cultivated in the region around
Urussanga, in the south of Santa Catarina State (Ferreira-Lima, Burin,
& Bordignon-Luiz, 2013). The Manzoni Bianco variety, also known as
IncrocioManzoni 6.0.13, is awhite Riesling× Pinot Blanc cross achieved
by Luigi Manzoni. Agronomically, at ripeness these grapes have high
levels of sugar and total acidity (Nicolini, Versini, Moser, Carlin, &
Massolini, 2003).
The chemical composition, principally the volatile compound con-
tent, constitutes a factor of paramount importance in the production
of high quality sparkling wines (Vannier, Brun, & Feinberg, 1999;
Pozo-Bayón, Hernández, Martín Álvares, & Polo, 2003).
The presence of volatile compounds in sparkling wine can be inﬂu-
enced by several factors, such as the base wine characteristics, mainly
with the grape cultivar (varietal aroma), the yeasts (fermentative
aroma) or the aging stage (post-fermentative aroma). Although differ-
ent factors, such as the variations in winemaking technology employed
Table 1
Chemical composition of Brazilian sparkling wines produced from classical and innovative grape varieties.
Classical varieties Innovative varieties
Parameters Sauvignon Blanc Riesling Renano Pinot Grigio Pinot Noir Chardonnay Manzoni Villenave Moscato Embrapa Niágara Goethe
Total acidity (g × L−1 tartaric acid) 6.31 ± 0.12e 8.64 ± 0.25g 6.16 ± 0.13e 5.33 ± 0.15cd 6.39 ± 0.12e 8.49 ± 0.13g 4.36 ± 0.15a 5.26 ± 0.25c 4.88 ± 0.14b 5.56 ± 0.17d
Volatile acidity (g × L−1 acetic acid) 0.65 ± 0.08bc 0.40 ± 0.09ab 0.71 ± 0.09bc 0.75 ± 0.10c 0.77 ± 0.11c 0.36 ± 0.11a 0.55 ± 0.10abc 0.63 ± 0.12abc 0.57 ± 0.12abc 0.75 ± 0.08c
Free SO2 (mg × L−1) 19.2 ± 0.2b 22.4 ± 0.3c 16.0 ± 0.3a 22.4 ± 0.2c 38.4 ± 0.4f 16.0 ± 0.2a 16.0 ± 0.3a 35.2 ± 0.2e 16.0 ± 0.4a 19.2 ± 0.4b
Reduced dry extract (g × L−1) 24.6 ± 0.2h 26.2 ± 0.3i 16.5 ± 0.2c 15.4 ± 0.3b 20.2 ± 0.4e 23.1 ± 0.2g 14.2 ± 0.4a 21.7 ± 0.2f 17.5 ± 0.3d 21.7 ± 0.2f
Ash (g × L−1) 1.35 ± 0.02ab 1.20 ± 0.03a 1.31 ± 0.02ab 1.94 ± 0.03ef 1.54 ± 0.01cd 1.24 ± 0.05a 1.75 ± 0.03de 1.86 ± 0.04ef 1.97 ± 0.03ef 1.98ef
Residual sugar (g × L−1) 10.6 ± 0.3d 4.5 ± 0.3b 1.0 ± 0.1a 1.0 ± 0.1a 1.0 ± 0.1a 8.2 ± 0.2c 1.0 ± 0.1a 8.7 ± 0.2c 1.0 ± 0.1a 1.0 ± 0.1a
Alcohol (vol.%) 12.9 ± 0.2g 11.2 ± 0.3d 10.5 ± 0.2b 11.4 ± 0.2d 11.8 ± 0.1e 10.8 ± 0.2c 10.8 ± 0.3c 12.3 ± 0.4f 9.1 ± 0.2a 11.4 ± 0.4d
Density (20/20) 997 ± 1d 997 ± 1d 992 ± 1b 990 ± 1a 992 ± 1b 997 ± 1d 991 ± 1ab 995 ± 1c 994 ± 1c 992 ± 1b
Protein (mg × L−1 BSA) 32.3 ± 1.1d 31.8 ± 2.0d 20.0 ± 1.1b 15.6 ± 1.5a 34.1 ± 2.3de 20.5 ± 1.3b 28.2 ± 0.5c 42.00 ± 2.0g 40.0 ± 1.5fg 37.1 ± 4.1ef
CI 0.495 ± 0.002f 0.289 ± 0.002b 0.382 ± 0.002d 0.163 ± 0.002a 0.396 ± 0.002e 0.292 ± 0.002b 0.333 ± 0.003c 0.337 ± 0.001c 0.555 ± 0.002g 0.975 ± 0.002i
TP (mg × L−1 GAE) 123.8 ± 5.4i 138.8 ± 3.4d 77.6 ± 2.9b 41.3 ± 1.9a 115.1 ± 4.4h 87.5 ± 2.1a 85.8 ± 7.0c 113.8 ± 2.2g 123.7 ± 3.0i 94.2 ± 5.6e
DPPH⁎ 0.76 ± 0.4bcd 0.90 ± 0.6cd 0.59 ± 0.3ab 0.46 ± 0.4a 0.81 ± 0.3bcd 0.56 ± 0.5ab 0.63 ± 0.4abc 1.00 ± 0.5d 0.91 ± 0.3cd 0.71 ± 0.5abc
ABTS⁎ 0.84 ± 0.2bc 1.06 ± 0.4cde 0.61 ± 0.5ab 0.44 ± 0.5 a 0.90 ± 0.2c 0.58 ± 0.3ab 0.78 ± 0.4bc 1.24 ± 0.4e 1.20 ± 0.8cde 1.08 ± 0.6de
FRAP⁎ 0.35 ± 0.5c 0.70 ± 0.4d 0.25 ± 0.6abc 0.34 ± 0.2bc 0.38 ± 0.6bc 0.22 ± 0.4ab 0.34 ± 0.2a 1.05 ± 0.3e 0.73 ± 0.4d 0.45 ± 0.4abc
Tyrosol (mg × L−1) 38.0 ± 2.0e 35.2 ± 1.5d 20.3 ± 1.0b 18.6 ± 2.0a 36.0 ± 2.0d 22.6 ± 1.9c 43.6 ± 0.5f 48.0 ± 1.1g 21.3 ± 1.5b 55.3 ± 3.1h
(+)-Catechin (mg × L−1) 5.80 ± 0.2b 5.61 ± 0.5b 4.13 ± 0.2a 3.52 ± 0.7b 3.57 ± 0.3b 1.31 ± 0.4a 5.2 ± 1.0b 14.0 ± 1.0d 16.6 ± 0.3e 14.0 ± 0.4d
(−)-Epicatechin (mg × L−1) 1.56 ± 0.15b 1.23 ± 0.13a 2.15 ± 0.20d 1.86 ± 0.20c 1.43 ± 0.15b 2.64 ± 0.13e 3.30 ± 0.18f 4.53 ± 0.15g 5.70 ± 0.17h 2.36 ± 0.15de
trans-resveratrol (mg × L-1) 0.08 ± 0.03ab 0.10 ± 0.10ab nda 0.12 ± 0.01ab 0.14 ± 0.02b 0.11 ± 0.05b 0.14 ± 0.04b 0.48 ± 0.02c nda 0.06 ± 0.02ab
Tartaric acid (g × L−1) 2.2 ± 0.2bc 2.6 ± 0.1e 2.5 ± 0.3de 2.3 ± 0.3bcd 2.3 ± 0.1bcd 2.5 ± 0.3de 2.0 ± 0.2b 2.4 ± 0.4cde 2.6 ± 0.3e 1.7 ± 0.2a
Malic acid (g × L−1) 4.5 ± 0.1b 4.8 ± 0.2cd 5.1 ± 0.1ef 4.9 ± 0.3de 4.6 ± 0.3bc 5.2 ± 0.2f 6.3 ± 0.4h 3.6 ± 0.1a 6.0 ± 0.3h 4.4 ± 0.4b
Succinic acid (g × L−1) 1.4 ± 0.1a 1.4 ± 0.2a 1.3 ± 0.3a 1.4 ± 0.1a 1.3 ± 0.3a 1.3 ± 0.4a 1.2 ± 0.2a 1.7 ± 0.1b 1.9 ± 0.2bc 2.1 ± 0.2c
The results are expressed as means ± standard deviation with three replicates for each of two bottles of a sparkling wine sample.
Different letters indicate signiﬁcant differences (p b 0.05) between samples.
CI: color intensity index.
TP: total phenolics.
⁎Antioxidant activity expressed as Trolox equivalents (mmol TEAC/L wine).
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967V. Caliari et al. / Food Research International 62 (2014) 965–973in their production and other viticultural characteristics (soil, vineyard
yield, etc.), can inﬂuence the sparkling wine composition, the grape va-
riety used in their manufacture can be considered one of the most im-
portant (Pozo-Bayón, Martínez-Rodríguez, Pueyo, & Moreno-Arribas,
2009).
The production of sparkling wines is lower compared to that of still
wines, but the economic impact of this product is very important be-
cause of its high added value. For this reason customer awareness of
the quality is increasing and winemakers are constantly looking for
product improvements and newproducts. In recent years a newmarket
strategy in the oenological industry based on the diversiﬁcation of wine
production and on the exploitation of the characteristics and particular-
ities of different varieties of grapes is emerging (Pozo-Bayón et al., 2009;
Pozo-Bayón, Martín-Álvarez, Moreno-Arribas, Andujar-Ortiz, & Pueyo,
2010). The aim of this study was to produce sparkling wines with inno-
vative varieties from Brazil (hybrid and V. labrusca grapes) and with
classical V. vinifera grapes, using the traditional method (Champenoise),
and characterize the sparkling wines according to their chemical and
volatile composition. Since these innovative varieties are widely
grown in southern Brazil this study seeks to add value to the local typ-
icality and increase the economic value of these grapes.2. Material and methods
2.1. Winemaking procedure
For the production of the sparkling wines in this study four varieties
of white grape V. vinifera were used (Chardonnay, Pinot Gris, Riesling
Renano and Sauvignon Blanc) and one red grape V. vinifera (Pinot
Noir), denominated as classical varieties, and ﬁve white grapes hybrids
and V. labrusca (Niagara,Moscato Embrapa, Villenave, Goethe andMan-
zoni Bianco) denominated as innovative varieties. All grapes were har-
vested from February to April 2010 at the vineyards of the Epagri
Experimental Station at Videira, Santa Catarina, Brazil, The soil of this
region is of the type Hapludox according to U.S.D.A. classiﬁcations and
the weather of the Videira region is classiﬁed according to the
Geoviticulture Multicriteria Climatic Classiﬁcation System and as “Re-
gion III”, of the Winkler Regions and the base wines were produced in
the microviniﬁcation laboratory at the same Experimental Station.
Eachwinewas produced from a single cultivar using “free run” juice
which was allowed minimal contact with the grape skins or seeds. The
wines were fermented with Saccharomyces cerevisiae PB2019 (Fermol
Blanc-AEB Spa—Bréscia, Italy) in stainless steel and had not undergone
malolactic fermentation by the end of this fermentation process. They
were cold stabilized and sulfur dioxide was added prior to bottling.
For the preparation of the sparkling wines, 24 g × L−1 inverted sugar
syrup was added to provide 6.0 atm pressure with S. cerevisiae PB2002
(Fermol Reims Champagne AEB Spa—Bréscia, Italy) yeast and 0.7 mL ×
L−1 bentonite solution (AEB Spa—Brescia, Italy). Wines were stored at
17 °C until the secondary fermentationwas completed. After 18months
of bottle-aging under lees at 10 °C, the sparkling wines were riddled,
disgorged and corked.2.2. Chemical analysis
All chromatographic solvents were HPLC grade and were pur-
chased from Merck (Darmstadt, Germany). DPPH (1,1-diphenyl-2-
picrylhydrazyl), ABTS [2,2-azino-bis(3 ethylbenzothiazoline-6-
sulphonic acid)], malic acid, lactic acid and trans-resveratrol were
purchased from Sigma Aldrich (St. Louis, MO, USA), (+)-catechin,
(−)-epicatechin, tyrosol, tartaric acid, succinic acid and Folin–Ciocalteu
were obtained from Fluka (Steinheim, Germany).Bradford reagent
essaywas purchased fromBio-Rad (California, USA). The other reagents
used were all analytical grade.2.3. Oenological analysis of sparkling wines
Total acidity (g × L−1 tartaric acid), volatile acidity (g × L−1 acetic
acid), free SO2 (mg × L−1), dry extract (g × L−1), ash (g × L−1), residual
sugar (g × L−1), alcohol (% v/v) and density (20/20) were determined
according to the International Organization of Vine and Wine methods
(Organisation Internationale de la Vigne et du Vin, 2011).
A UV–VIS spectrophotometer (Hitachi U 2010, CA, USA) was used
for all spectrophotometric analyses. The wine protein content was
determined according to the Bradford method (Marchal, Seguin, &
Maujean, 1997) and the results were expressed in mg × L−1. Bovine
serum albumin (BSA) was used as a standard. The total phenolic
content of the sparkling wines was determined using the Folin–
Ciocalteu method modiﬁed by Alonso, Guillén, Barroso, Puertas,
and García (2002) and the results were expressed as mg × L−1 of gal-
lic acid (GAE). Color intensity was determined according to the
method described by Glories (1984), by measuring the absorbance
at 420, 520 and 620 nm.2.4. Antioxidant activity
The antioxidant activity of the wine was determined by three
methods: DPPH, ABTS and FRAP. The DPPH (1,1-diphenyl-2-
picrylhydrazyl) radical activity was measured through the extinction
of the maximum absorption at 517 nm (Kim, Lee, Lee, & Lee, 2002).
The ABTS [2,2-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid)]
radical antioxidant activity was determined according to Re et al.
(1999). The FRAP (ferric reducing ability of plasma)methodwas carried
out according to Benzie and Strain (1996) with measurements taken at
620 nm. Results are expressed in Trolox equivalent antioxidant activity
(mmol TEAC·L−1 wine).2.5. Phenolic compounds and organic acid analysis
Chromatographic analysis was performed by high performance liq-
uid chromatography (HPLC) using a Varian (CA, USA) liquid chromato-
graph, equipped with a quaternary pump (Pro Star 230), a UV–Vis
detector (Pro Star 310) with the Star workstation software (v. 6.0).
The column used (4.6 mm, 250 mm, 5 μm particle size) was reversed-
phase C18 column (Phenomenex Torrance, CA, USA).
The phenolic compounds, (−)-epicatechin, (+)-catechin, tyrosol
and trans-resveratrol, were analyzed according to themethod described
by Cadahía, Simón, Sanz, Poveda, and Colio (2009) with modiﬁcations.
The mobile phase A was water:acetic acid (98:2 v/v) and mobile
phase Bwaswater:acetonitrile:acetic acid, (58:40:2 v/v/v). The elutions
were carried out applying a linear gradient: 0–10min, 45% B linear; 10–
20 min, 45% B isocratic; 20–30 min, 80% B linear; 30–35 min, washing
and re-equilibration of the column. The ﬂow rate was 1.0 mL min−1.
The sparkling wine samples were degassed for 20 min on a ultrasound
bath (Quimis, Brazil), ﬁltered through a modiﬁed 0.45 μm PTFE mem-
brane ﬁlter with 13 mm of diameter (Millipore, Bedford, MA) and di-
rectly injected into the HPLC. Individual compounds were identiﬁed
by comparing their retention times and spectra with those of original
standards. Quantitative determinationswere carried out using the stan-
dard external calibrationmethod. The wavelengths used for the quanti-
ﬁcation were 280 nm for (−)-epicatechin, (+)-catechin, tyrosol and
306 nm for trans-resveratrol.
The organic acids tartaric, succinic, malic and lactic were ana-
lyzed as described by Escobal, Iriondo, Laborra, Elejalde, and
Gonzalez (1998). Separations were carried out under isocratic condi-
tions using a 1.2% (v/v) H3PO4 acid mobile phase at a ﬂow rate of
0.8 mL min−1 and the UV-detection of organic acids was carried
out at 210 nm. For the analysis, 1mL of wine was diluted in 10 mL
of ultra-pure water.
Table 2
Volatile compounds (μg × L−1) of Brazilian sparkling wines manufactured with different grape varieties (classical and innovative varieties).
Classical varieties
Sauvignon Blanc Riesling Renano Pinot Gris PinotNoir Chardonnay
Esters
Isoamyl acetate 60.5 ± 10.9a 36.0 ± 3.4a 112.9 ± 16.1ab 37.1 ± 9.7a 67.9 ± 12.1b
Ethyl hexanoate 192.8 ± 16.1a 434.8 ± 24.6c 306.8 ± 18.9b 154.1 ± 17.0a 417.8 ± 12.6c
Ethyl octanoate 221.6 ± 8.2b 655.2 ± 7.2d 472.3 ± 15.7c 59.8 ± 6.9a 674.4 ± 11.5d
Ethyl decanoate 58.4 ± 2.5bc 76.4 ± 7.1de 51.1 ± 2.2b 14.2 ± 2.3a 81.9 ± 7.5e
2-Phenyl ethyl acetate 15.6 ± 1.5bc 13.3 ± 2.4b 24.0 ± 3.6c 2.2 ± 1.3a 43.1 ± 1.8d
Sum esters 548.5 1214.7 967.4 267.4 1285.1
Terpenes
Linalool oxide A (trans-furan) 4.3 ± 0.3e 3.1 ± 0.2 c 3.7 ± 0.2d 0.7 ± 0.1a 1.7 ± 0.1b
Linalool OXide B (cis-furan) 3.7 ± 0.6b 5.0 ± 0.3b 4.3 ± 0.1b 2.0 ± 0.2a 3.6 ± 0.2a
Linalool oxide C (cis-pyran) 0.8 ± 0.1a 2.5 ± 0.5bc 1.3 ± 0.2a 0.9 ± 0.1a 1.6 ± 0.4 b
Linalool oxide D(trans-pyran) 0.8 ± 0.2ab 0.9 ± 0.1ab 0.5 ± 0.1a 0.3 ± 0.1a 1.7 ± 0.2bc
Linalool 184.3 ± 17.3e 209.1 ± 19.8f 179.2 ± 15.6e 42.2 ± 2.7a 111.3 ± 9.8d
Hotrienol 39.4 ± 2.6bc 113.0 ± 3.8f 36.5 ± 2.9b 10.5 ± 1.0a 40.9 ± 2.8bc
α-Terpineol 24.9 ± 2.1b 66.6 ± 7.9d 51.0 ± 5.3b 9.5 ± 1.5a 30.6 ± 2.3 b
Citronellol 10.7 ± 1.2c 5.9 ± 1.1ab 6.9 ± 1.3b 5.4 ± 1.0ab 5.1 ± 1.3ab
Nerol 63.2 ± 2.3e 51.8 ± 3.6d 41.5 ± 4.2d 15.5 ± 2.5a 41.8 ± 2.6c
Geraniol 9.1 ± 3.1a 43.8 ± 6.2c 11.3 ± 2.5a 11.1 ± 3.6a 53.1 ± 2.8d
Sum terpenes 341.2 501.7 336.2 98.1 191.4
Alcohols
Benzylalcohol 40.8 ± 8.6b 51.6 ± 3.6b 39.1 ± 5.4b 33.5 ± 4.8ab 48.0 ± 3.5b
2-Phenylethanol 19,178 ± 156.4g 14,415.9 ± 165.2f 12,592.5 ± 123.1e 2990.5 ± 163.8a 10,048.8 ± 123.5cd
Hexan-1-ol 364.0 ± 16.9bc 387.8 ± 19.2cd 1116.4 ± 46.1g 644.8 ± 17.5f 507.6 ± 71.7de
trans-3-hexenol 20.2 ± 2.2c 50.1 ± 3.6e 34.1 ± 1.4d 3.8 ± 1.2a 10.4 ± 1.6abc
cis-3-hexenol 18.2 ± 1.5abc 14.2 ± 1.5ab 15.4 ± 2.4ab 3.5 ± 0.4a 18.2 ± 2.3abc
Sum alcohols 19,621.2f 14,919.7e 13798d 3676.6a 10,632.4bc
Acids
Octanoic acid 1.252.00 ± 80b 3359.3 ± 87.8e 2613.4 ± 82.1d 377.5 ± 60.2a 3536.3 ± 78.6f
Hexanoic acid 737.9 ± 80.3a 2168.2 ± 132d 1534.6 ± 68.3c 927.4 ± 75.2a 2191.7 ± 124.3d
Decanoicacid 213.5 ± 15.6ab 324.0 ± 21.5h 225.7 ± 12.4abc 62.9 ± 10.5 400.3 ± 19.5f
Sum acids 2203.4b 5851e 4372.7d 1367.8a 6127e
Other
Methionol 65.9 ± 8.9cd 89.6 ± 11.3e 71.0 ± 9.7cd 18.1 ± 6.3a 131.4 ± 14.6f
The results are expressed as means ± standard deviation with three replicates for each of the two bottles of sparkling wine sample.
Different letters indicate signiﬁcant differences (p b 0.05) between samples.
⁎Reference from which the value was taken is given in brackets. (1) The matrix was a 10% water/ethanol solution (Guth, 1997); (2) the matrix was an 11% water/ethanol solution
containing 7 g × L−1 glycerol and 5 g × L−1tartaric acid, with the pH adjusted to 3.4 with 1 M NaOH (Ferreira, Lopez, & Cacho, 2000); (3) the matrix was a 10% water/ethanol solution
at pH 3.2 (Ferreira, Lopez, & Aznar, 2002); (4) (Perestrelo et al., 2006).
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All sparkling wines were analyzed as described by Mateo, Gentilini,
Huerta, Jiménez, and Di Stefano (1997). A diluted (1:3) sample aliquot
of 100 mL was spiked with 1-heptanol as the internal standard (200 μL
of 44 mg × L−1 solution in 10% ethanol), and was loaded onto a 1 g
Sep-Pak C-18 reversed-phase solid-phase extraction (SPE) cartridge
(Waters Corporation, Milford, MA, USA). This extract containing free
volatile compounds was immediately analyzed by gas chromatogra-
phy/mass spectrometry (GC/MS) and GC-FID.
The glycoconjugateswere then eluted from the cartridgewith 20mL
ofmethanol and the eluatewas concentrated to dryness using a vacuum
rotavapor (Buchi R-210, Switzerland) at 35 °C. The dried glycosidic ex-
tract obtained was dissolved in 3 mL of citrate phosphate buffer (0.2 M,
pH 5). The enzymatic hydrolysis was carried out using 50 mg of an AR-
2000 commercial preparationwith glycosidase activity (DSMOenology,
The Netherlands) and incubation at 40 °C for 24 h. After adding 200 μL
of 1-heptanol (44 mg × L−1solution in 10% ethanol), glycosylated pre-
cursors were extracted follow in the previously described SPE method.
The dichloromethane extract obtained was dried over anhydrous
Na2SO4, concentrated to 200 μL under nitrogen and kept at −20 °C
until analysis.
The analysis was performed with a Perkin Elmer Turbo-mass Gold
(Perkin Elmer, Waltham, MA, USA) and a DB-WAX capillary column
(30 m × 0.25 mm, 0.25 μm, J&W Scientiﬁc Inc., Folsom, CA, USA)
(Torchio, Río Segade, Gerbi, Cagnasso, & Rolle, 2011). The temperatureprogram started at 35 °C which was held for 5 min, increasing at a rate
of 2 °C min to190 °C and 3 °C min to 230 °C which was for 5 min. The
carrier gas (He) ﬂow rate was 1 mL min−1. Injections of 1 μL were per-
formed in split mode (1:10). The injection port temperature was
250 °C, the ion source temperature was 240 °C and the interface tem-
perature was 230 °C (solvent delay of 6.5 min). The detection was
carried out by electron impact mass spectrometry in total ion current
(TIC) mode, using an ionization energy of 70 e−V. The mass acquisi-
tion range was m/z 30–330. The identiﬁcation of volatile compounds
was conﬁrmed by the injection of pure standards and comparison of
their retention indices (a mixture of a homologous series of C5–C28
was used) with MS data reported in the literature and in a database.
Compounds for which pure standards were not available, were identi-
ﬁed on the basis of their mass spectra and retention indices available
in the literature. Data (μg × L−1) were obtained by measuring the rela-
tive peak area of each identiﬁed compound in relation to that of the
added internal standard.2.7. Odor activity value
To evaluate the contribution of a chemical compound to the wine
aroma the odor activity value (OAV) was determined. OAV is an indica-
tor of the importance of a speciﬁc compound to the aroma of a sample. It
was calculated as the ratio between the concentration of an individual
compound and the perception threshold described in the literature.
Innovative varieties
Manzoni Bianco Villenave MoscatoEmbrapa Niágara Goethe Aroma descriptor OT (μg × L−1)*
43.9 ± 9.1a 393.6 ± 34.9c 610.7 ± 35.8d 183.4 ± 31.9b 107.7 ± 19.7ab Fruity (banana) 30.0(1)
297.4 ± 33.5b 563.3 ± 16.4d 841.6 ± 29.3e 489.8 ± 28.1cd 320.5 ± 14.5b Fruity (green apple) Floral 14.0(2)
454.4 ± 6.6c 976.6 ± 14.5f 954.4 ± 32.1f 754.2 ± 14.3e 512.7 ± 7.7c Fruity (pineaple) 5.0(2)
66.9 ± 2.9cd 102.2 ± 2.8g 81.2 ± 9.6de 93.3 ± 10.3fg 88.8 ± 4.2ef Oily/fruity (grape) 200.0(2)
10.7 ± 3.4b 107.1 ± 15.3f 109.0 ± 12.3f 189.2 ± 15.7g 71.4 ± 4.6e Rose 250.0(2)
873.3 2142.8 2569.9 1713.9 1098.1
3.9 ± 0.6d 3.2 ± 0.1c 3.0 ± 0.4c 1.8 ± 0.1b 2.0 ± 0.3b Flower 65.000(3)
3.6 ± 0.7a 4.2 ± 0.5b 3.2 ± 0.3a 104.4 ± 3.9c 8.5 ± 0.3b Flower 7.000(3)
1.4 ± 0.3b 2.6 ± 0.2bc 3.4 ± 0.5bc 8.4 ± 1.2d 4.1 ± 0.6c Flower n.f.
0.9 ± 0.1ab 2.0 ± 0.3c 2.8 ± 0.6d 3.9 ± 0.9e 5.0 ± 0.3f Flower n.f.
91.4 ± 2.7c 95.4 ± 1.4c 169.6 ± 28.0e 75.3 ± 12.3b 82.5 ± 23.5bc Flower/fruity/muscat 25.0(2)
89.9 ± 12.3e 49.8 ± 4.3c 68.4 ± 4.8d 115.4 ± 5.7f 52.9 ± 5.6c Hyacinth 110.0(4)
33.7 ± 6.3b 54.2 ± 3.6d 97.1 ± 8.4e 55.1 ± 5.3d 140.1 ± 20.3f Oil, anise 250.0(2)
3.6 ± 1.2ab 17.1 ± 2.5d 22.5 ± 2.6e 25.6 ± 1.8e 2.7 ± 1.0a Citronella/linden/clove 18(4)
115.6 ± 9.3g 46.1 ± 3.4cd 89.4 ± 5.3f 27.2 ± 2.7b 13.4 ± 2.4a Sweet/ﬂower 400(4)
8.7 ± 2.3a 45.1 ± 6.8c 128.6 ± 10.3e 29.6 ± 4.3b 6.1 ± 1.2a Geranium 30(2)
352.7 320.7 588.1 447.7 320.3
18.3 ± 2.1a 69.8 ± 10.3c 95.9 ± 4.6d 164.5 ± 12.3e 81.0 ± 4.0cd Fruity (blackberry) 620(3)
8843.8 ± 147.6c 18,522.8 ± 250.3g 11,824.2 ± 162.7e 22.561 ± 358d 10,137.6 ± 143.1d Honey/Flower/ Woody 14,000(3)
536.8 ± 60.7ef 1291.4 ± 75.2h 1457.1 ± 63.2i 224.3 ± 14.3ab 457.7 ± 14.6cde Vegetative/ Grass cut 8000.0(1)
8.8 ± 1.9ab 17.4 ± 1.7bc 45.9 ± 4.1 de 51.8 ± 4.9e 14.5 ± 0.7abc Herbaceous n.f.
33.9 ± 2.7c 22.9 ± 2.0bc 139.5 ± 10.2d 124.2 ± 3.9d 31.2 ± 2.1bc Herbaceous 400.0(1)
9433b 18,996.7f 13,397.2d 24,358.7g 10,722.3c
Acids
2082.3 ± 95.1c 4935.8 ± 75.6h 4190.9 ± 74.3g 5116.6 ± 85.4h 2.611.6 ± 76.5d Cheese 500.0(1)
1246.3 ± 74.6b 2870.2 ± 150.0e 3266.9 ± 138.5f 2991.3 ± 149.6e 1580.1 ± 85.9c Rancid 420.0(1)
243.4 ± 23.8bc 475.6 ± 36.1g 249.8 ± 16.8e 441.7 ± 32.4fg 194.4 ± 17.5a Rancid 1000(1)
3572c 8280fg 7705f 9043g 4385d
61.8 ± 8.5c 74.8 ± 10.3d 138.3 ± 15.2f 156.3 ± 21.3g 228.3 ± 18.6h Cooked cabbage 1500.0(4)
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All analyses were carried out in triplicate for each of the two bottles
of sparkling wine sample and the results expressed as mean values ±
standard deviation. The Statistica v. 11.0 (2011) (Stat Soft Inc., Tulsa,
OK, USA) program was used for the analysis of variance (ANOVA),
Tukey test (p b 0.05), correlation analysis, principal component analysis
(PCA) and cluster analysis.
3. Results and discussion
3.1. Oenological analysis of sparkling wines
Table 1 shows the enological parameters of sparkling wines
manufactured with different grape varieties. Signiﬁcant differences be-
tween the parameters evaluated were observed for most of the spar-
kling wines produced with the different grape varieties. The values for
total acidity, volatile acidity and free SO2, were below the permitted
levels, indicating that the grapeswere healthy and that good viniﬁcation
practices were used (Boulton, Singleton, Bisson, & Kunkee, 1996). In
general, all of the parameters evaluated were within the ranges
established by Brazilian regulations for sparkling wine (Brasil, 1988).
The Goethe Sparkling wine showed the highest value for the color
intensity (0.97) and Pinot Noir the lowest (0.16). These values are
closed to those found for Cavas sparkling wines (Pozo-Bayón et al.,
2010).Proteins are minor constituents of wine, although they greatly con-
tribute to the quality of the product and, in fact, they are responsible
for the “body” sensation. Proteins can bind volatile compounds
retaining the wine aroma and also have a positive effect on foam stabil-
ity (Luguera, Moreno-Arribas, Pueyo, Bartolomé, & Polo, 1998; Torresi,
Frangipane, & Anelli, 2011). The highest values for protein content
(Table 1) were obtained for the sparkling wines manufactured with
the Moscato Embrapa and Niagara grapes (42.0 and 40.0 mg × L−1, re-
spectively), both innovative varieties, while the lowest content was ob-
served in Sauvignon Blanc sparkling wine (20.3 mg × L−1). The protein
content observed in this study is higher than those detected by other re-
searchers, for instance, 4.85–5.52 mg × L−1 for Chardonnay sparkling
wines (Cilindre, Liger-Belair, Villaume, Jeandet, & Marchal, 2010) and
4.50–5.73 mg × L−1 for Parellada sparkling wines (Pozo-Bayón, 2004).3.2. Phenolic compounds and antioxidant activity
Phenolic compounds constitute an important factor in relation to the
sensorial, color, stringency and bitterness characteristics of wines, and
they are also responsible for the biochemical and pharmacological ef-
fects, such as antioxidant activity. The phenolic composition of wines
varies according to many factors, mainly the grape variety and the pro-
cessing conditions (Torchio et al., 2011; Chamkha, Cathala, Cheynier, &
Douillard, 2003). In this study, four of the phenolic compounds present
in the grapes and sparkling wines were determined (Table 1).
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Fig. 1. Principal component analysis (PCA) based on the results for volatile compounds in
Brazilian sparklingwines. Ia, Isoamyl acetate; Eh, Ethyl hexanoate; Eo, Ethyl octanoate; Ed,
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ranging from 18.6 to 55.3 mg × L−1 in the sparkling wine produced
from Pinot Noir and Goethe grapes respectively. This compound is a
product of the fermentation (tyrosine deamination), and has been
shown to behave as a multi-targeted bio-active compound, as well as
a potent antioxidant associated with the beneﬁcial effects of wines
(Fernández-Mar, Mateos, García-Parrilla, Puertas, & Cantos-Villar,
2012). In relation to the ﬂavanol content, which has an important inﬂu-
ence on the stringency and color of wines (González-Manzano,
Rivas-Gonzalo, & Santos-Buelga, 2004; Castillo-Munõz, Gómez-Alonso,
García-Romero, & Hermosín-Gutiérrez, 2010), it was observed that the
(+)-catechin values ranged from1.31 to 16.6 mg × L−1 in the Riesling
Renano and Pinot Noir wines, respectively, and (−)-epicatechin ranged
from 1.23 to 5.70 mg × L−1 in the Riesling Renano and Niagara wines,
respectively. The same ﬂavanols were also detected in other sparkling
wines with similar levels for classical varieties, such as Chardonnay
(0.71 to 2.2 mg × L−1) and Pinot Noir (0.31–4.90 mg × L−1)
(Chamkha et al., 2003; Ibern-Gomez et al., 2000). Another important
phenolic compound is trans-resveratrol, which is found in the seeds
and skin of grapes. This compound is responsible for many health-
promoting properties including antioxidant activity, cardioprotective
capacity, anticancer, neuroprotective, anti-aging and antidiabetic activ-
ity (Fernández-Mar et al., 2012). In this study, it was observed that the
highest concentration of trans-resveratrol was obtained for theMoscato
Embrapa sparkling wine (0.48 mg × L−1) and this compound was not
detected in Pinot Gris and Niagara sparkling wines. The concentration
of trans-resveratrol was similar to that reported in sparkling wines pro-
duced from Chardonnay grapes (0.08–0.10 mg × L−1) and Pinot Noir
(0.08–0.16 mg × L−1) (Chamkha et al., 2003).
In the literature, there are few reports on studies in which the anti-
oxidant capacity of sparkling wine was determined. In this study, the
antioxidant activity of 10 Brazilian sparkling wines was determined
and no difference was observed between the sparkling wines produced
with classic and innovative varieties. In general, the antioxidant capaci-
ty of sparklingwines is close to those observed by Stefenon et al. (2010)
for sparkling wines produced by the classical method and Jordão et al.
(2010) for commercial Portuguese sparkling wines produced from
Bairrada Appelation of Origin with white and red grape varieties culti-
vated in this region the sparkling wines elaborated with red grape vari-
eties showed highest antioxidant activity than white ones.
According to the results obtained for the chemical composition of
the sparkling wines reasonable to good correlations between the phe-
nolic composition, protein content and antioxidant activity were
found (DPPH, ABTS and FRAP methods). A positive and signiﬁcant (p b
0.05) correlation was noted between the total phenolic content and
antioxidant activity for the three methods, the highest value being
obtained for the ABTS method (R = 0.860), followed by the DPPH
method (R = 0.760) In relation to the individual phenolic compounds,
(+)-catechin showed the highest correlation with antioxidant activity
on applying the ABTS method (R = 0.820).
The values obtained for total proteins were also strongly correlated
with the antioxidant activity, a strongest positive correlations being
observed on applying the ABTS (R = 0.980) and DPPH (R = 0.910)
methods and the lowest with the FRAP method (R = 0.770), revealing
that thewineswith higher levels of total proteins had higher antioxidant
capacity. Some authors have established the contribution of the yeast cell
wall components to the antioxidant activity and the biomolecules of total
proteins to the antioxidant activity of sparkling wines, with good corre-
lations being reported. (Gallardo-Chacón, Vichi, Urpí, López-Tamames,
& Buxaderas, 2010; Rodriguez-Nogales, Fernández-Fernández, Gómez,
& Vila-Crespo, 2012). Proteins and glucans are considered the principal
fractions responsible for yeast wall antioxidant activity (Jaehrig, Rohn,
Kroh, Fleischer, & Kurz, 2007, Jaehrig et al., 2008). In particular, thiol
groups from denatured proteins could have an important role in the an-
tioxidant effect of yeast cell wall (Jaehrig et al., 2007). Rodriguez-Nogales
et al. (2012) observed an important inﬂuence of the levels of neutralpolysaccharides and total proteins on the antioxidant activity of spar-
kling wines.3.3. Volatile compounds
Twenty-ﬁve volatile compounds present in the sparkling wines
manufactured with traditional and innovative varieties were quantiﬁed
and separated into their chemical classes (esters,monoterpenoids, alco-
hols and medium fatty acids) (Table 2). In order to assess the inﬂuence
of the compounds studied on overall wine aroma odor activity value
(OAV) was calculated, only compounds with OAV greater than 1 con-
tribute individually to the wine aroma (Guth, 1997; Vilanova,
Genisheva, Masa, & Oliveira, 2010). This is the ﬁrst characterization of
themain odorants of sparkling wines manufactured with these innova-
tive varieties and, to thebest of our knowledge, theﬁrst characterization
of odorants in Brazilian sparkling wines.
The acetate esters are derived from the reaction of acetyl-CoA with
higher alcohols formed by the degradation of amino acids or carbohy-
drates (Perestrelo, Fernandes, Albuquerque, Marques, & Câmara, 2006)
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“banana”, was found in high concentrations in sparkling wines
manufactured with the innovative varieties, principally with Moscato
Embrapa (610.7 μg × L−1),with anOAV of 20.4,which represents a con-
centration 20 times over its odor threshold. In addition, the Villenave
and Niagara sparkling wines also contained high concentrations of
isoamyl acetate, 393.6 and 183.4 μg × L−1 with OAVs of 13.1 and 6.1,
respectively.
One class of compounds which is very important in relation to the
sensorial characteristics of wines are esters, the ethyl esters of the
fatty acids being strongly related to the wine aroma, giving fruity and
ﬂoral notes (Ferreira, Fernandez, Pena, Escudero, & Cacho, 1995).
These are produced enzymatically during the yeast fermentation and
from the ethanolysis of acyl-CoAwhich is formed during fatty acids syn-
thesis or degradation. The concentration of these compounds is depen-
dent on several factors including the yeast strain, fermentation
temperature, aeration degree and sugar contents (Perestrelo et al.,
2006). It was observed that the sparkling wine produced with Moscato
Embrapa, an innovative variety, showed the highest concentration of
ethyl hexanoate 841.6 μg × L−1 (OAV = 60.1), followed by Villenave
563.3 μg × L−1 (OAV = 40.2) and Niagara 489.8 μg × L−1 (OAV =
35.0) varieties. These compounds are responsible for the aromatic
notes of green apple in the wines. Another ethyl ester present in the
sparkling wines was ethyl octanoate, which confers the odor descriptor
of pineapple. All sparkling wines evaluated showed high values for this
compound and the highest levelswere observed for the sparklingwines
of Villenave and Moscato Embrapa, with 976.6 and 954.4 μg × L−1 and
OAVs of 195.0 and 190.9, respectively. The concentrations of ethyl
decanoate (grape aroma) and 2-phenylethyl acetate (rose aroma)
found in the sparkling wines are below the odor threshold values for
these compounds, although some studies show that even at low con-
centrations these compounds produce an additive or even synergic ef-
fect (Genovese, Lamorte, Gambuti, & Moio, 2013).
In the aroma of white wines, monoterpenes play an important role,
this being a group of ﬂavor compounds characteristic of speciﬁc grapes
used for wine production. These compounds are responsible for the ﬂo-
ral and fruity aromas associatedwith the primary aroma of thewines. In
some white wines, such as Muscat and Gewurtztramminer, they are
among the key odorants and their concentrations can be several mg ×
L−1. According to Bordiga et al. (2013) the monoterpenes present in
wines can be naturally converted to oxides (derivatives of corre-
sponding pyranic and furanic forms) in the bottle. The main mono-
terpenes identiﬁed in this study were linalool, hotrienol, α-
terpineol, citronellol, geraniol and the oxide forms of linalool. For
all of the sparkling wines the linalool concentrations were over the
odor threshold value, particularly in the case of Riesling Renano the
highest concentration with 209.1 μg × L−1 and OAV of 8.4. For citro-
nellol, only the sparkling wines of Moscato Embrapa and Niagara had
OAVs over 1 with concentrations of 22.5 and 25.6 μg × L−1 and OAVs
1.2 and 1.4, respectively. The sparkling wines produced from Riesling
Renano, Chardonnay, Villenave and Moscato Embrapa grapes had
geraniol concentrations above the odor threshold value and the
highest concentration was in Moscato Embrapa 128.6 μg × L−1
(OAV = 18.6).
Another class of fermentative volatile compounds is the higher alco-
hols, which are composed mainly of n-alcohols with a chain length of
C6. Higher alcohols can be synthesized by yeast through either the ana-
bolic pathway from glucose or the catabolic pathway from their corre-
sponding amino acids (valine, leucine, iso-leucine and phenylalanine).
Consequently, they are released to the medium as secondary products
of yeast metabolism, and they are responsible for the secondary or ‘fer-
mentative’ aroma of wines. The compound 2-phenyl ethanol was the
major aromatic compound measured in these sparkling wines, with
values ranging from 2990 μg × L−1to 22,561 μg × L−1, in Pinot Noir
and Niagara, respectively. According to other reports in the literature,
the sparkling wines made with Muscat grapes also contain a highconcentration of 2-phenyl ethanol (22,370 μg × L−1) (Bordiga et al.,
2013) and Macabeo, Xarel-lo and Parellada have values between
16,871 and 20,578 μg × L−1 (Torrens, Riu-Aumatell, Vichi, López-
Tamames, & Buxaderas, 2010). Thus, 2-phenyl ethanol may contribute
to the aroma of sparkling wines with rose and sweet notes. In this
study, the2-phenyl ethanol concentrations in the Villenave, Sauvignon
Blanc, Riesling Renano and Niagara sparkling wines were above the
odor threshold value (OAV N 1). Other alcohols characterized by “vege-
tal” and “herbaceous” notes, such as 1-hexanol and cis and trans 3-
hexenol, which are well known to be formed by enzyme action in the
pre-fermentation stage, showed concentrations below of the odor
threshold value for all of the sparkling wines evaluated.
The contribution of fermentative sulfur compounds to the aroma of
wine is considered to be very important, in particular to explain off-
ﬂavors. These compounds can interactwith themainﬂavor and contrib-
ute to the wine aroma complexity (Mestres, Busto, & Guasch, 2000;
Fedrizzi, Magno, Finato, & Versini, 2010). Recently, particular attention
has been paid to understanding the possible positive contributions to
wine quality of these compounds when present in concentrations
lower than or close to their threshold values. In this study, the content
of 3-methylthio-1-propanol (methionol), which is responsible for a
cooked and cabbage note, was determined and it was observed that
none of the sparkling wines had values above the odor threshold
value, the lowest value being18.1 μg × L−1 forPinot Noir and the highest
228.3 μg × L−1 for the innovative Goethe variety.
In order to identify correlations between the volatile compounds
detected in the sparkling wines, correlation analysis (R) was carried
out. Signiﬁcant positive correlations (p b 0.05) were observed between
isoamyl acetate and ethyl octanoate (R = 0.73), ethyl hexanoate (R =
0.88), citronellol (R = 0.73) and geraniol (R = 0.81). Positive
correlations were also observed between esters and their precursors
(e.g. ethyl hexanoate) andwith the precursor hexanoic acid (R= 0.92)
and between ethyl octanoate and octanoic acid (R = 0.93).
The evaluation of Brazilian sparkling wines produced from classical
and innovative varietieswas carried out by data analysis usingmultivar-
iate techniques in order to obtain additional information regarding the
inﬂuence of the grape variety on the aromatic composition of sparkling
wines. Separation was obtained using principal component analysis
(PCA) (Fig. 1) and cluster analysis (Fig. 2) performed using the volatile
compounds data for the sparkling wines (Table 2).
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cipal components explain around 66% of the total data variability. The
ﬁrst principal component (PC1) that explained most of the total vari-
ability of the data (50.2%) was strongly correlated with hexanoic acid,
octanoic acid, ethyl octanoate and ethyl hexanoate, and showed in all
cases factor loadings greater than 0.90. Based on the PCA results, there
was a separation along the ﬁrst component, where the sparkling
wines manufactured with the innovative varieties Niagara, Villenave
and Moscato Embrapa were groups separately from the other varieties.
This ﬁnding can be explained considering that Niagara is a V. labrusca
variety and Villenave andMoscato Embrapa are hybrid grapes obtained
from the crossing of V. vinifera and V. labrusca varieties. However, it was
observed that the sparkling wines of Goethe and Manzoni Bianco, both
innovative varieties, were grouped together withthe sparkling wines
produced with the classical varieties (V. vinifera). This approximation
can be attributed to the fact that the Goethe variety, despite being a hy-
brid, has only 12.5% of V. labrusca, while Manzoni Bianco originated
from the crossing of two varieties of V. vinifera. In relation to the volatile
composition of the sparkling wines, it was observed that the Villenave
andMoscato Embrapa sparkling wines showed strong and positive cor-
relations with the chemical classes ethyl ethers and monoterpenes,
while the sparkling wine produced from Niagara grapes showed a
strong correlationwith linalol oxide (formsD, B andC), which is respon-
sible for ﬂoral and fruity aromas.
Cluster analysis was carried out by theWard's method (Fig. 2) and a
graphical representation was presented in the form of a dendrogram,
where the separation criterion was the Euclidean distance (%). It was
possible to clearly observe the formation of two homogenous groups,
which is consistent with the PCA results (Fig. 1). One group comprised
the sparklingwinesmanufacturedwith the innovative varieties Niagara,
Villenave and Moscato Embrapa and the other group the sparkling
wines manufactured with the traditional varieties and the sparkling
wines manufactured with the innovative grape varieties Manzoni
Bianco and Goethe.4. Conclusions
In this study, it was veriﬁed that the grape variety has a strong effect
on the manufacture of sparkling wines. The sparkling wines produced
from the innovative varieties contained a high concentration of esters,
particularly in the case of Moscato Embrapa and Villenave, where
isoamyl acetate, ethyl hexanoate, ethyl octanoate, linalool, octanoic
acid and hexanoic acid had high OAVs.
The multivariate (PCA) analysis of the volatile compounds data for
the sparkling wines showed a clear separation between the sparkling
wines manufactured with the innovative grape varieties Villenave,
Moscato Embrapa and Niagara and the sparkling wines manufactured
with the classical grape varieties and the two innovative varieties
Goethe and Manzoni Bianco. The same result was also obtained in the
cluster analysis, which showed the formation of two homogeneous
groups.
These results indicate that the innovative varieties in Brazil can pro-
vide particular and differentiated characteristics,mainly those related to
the volatile composition, offering an alternative for the production of
Brazilian sparkling wines.
The data reported herein are based on a single crop and future re-
search is needed to evaluate the inﬂuence of the crop on the data.Acknowledgments
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